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An optical pickup apparatus for conducting FIG* 1 
recording and/or reproducing information of 
an optical information recording medium, 
comprises a light source (1 1); a converging 
optical system having an objective lens (3); 
and a photo-detector. The converging optical 
system comprises a plastic lens (3) and a 
spherical aberration deviation correcting 
element (4,5) to correct deviation of a 
spherical aberration of the converging optical 
system. A numerical aperture of the objective 
lens at an image-side is 0.65 or more. 
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'Optical pick-up device 

Description of corresponding document: EP1154417 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical pick-up apparatus, an apparatus for 
recording/reproducing information of an optical information recording medium, and beam 
expander, and particularly to an optical pick-up apparatus, objective lens and beam expander, by 
which variations of the spherical aberration can be effectively corrected in a high density optical 
information recording medium. 

[0002] Recently, according to the practical use of a short wavelength red semiconductor laser, the 
development of a DVD (digital versatile disk) which is a high density optical disk whose size is 
the almost same as a conventional optical disk, that is, a CD (compact disk) which is an optical 
information recording medium, and whose capacity is greatly increased, is advanced, and in near 
future, it is presupposed that a higher density next generation optical disk also appears in the 
market. In the optical system of the optical information recording and reproducing apparatus 
using such the optical disk as a medium, in order to attain the high densification of the recording 
signal, or to reproduce the high density recording signal, it is required that a spot diameter to 
converge the light onto the recording medium through the objective lens, is reduced. In order to 
attain this requirement, there is the actual situation that the reduction of the wavelength of the 
laser as the light source or the increase of the NA of the objective lens are considered. 

[0003] In this connection, when the reduction of the wavelength of the laser or the increase of the 
NA of the objective lens thus comes to be realized, even an almost negligible problem in the 
optical pick-up apparatus structured by the combination of the comparatively long wavelength 
laser and the objective lens of low NA by which the recording or reproducing of the information 
is conducted on the conventional optical disk such as the CD or DVD, it is more actualized. 

[0004] A problem actualized in the combination of the shortening of the wavelength of the laser 
and the increase of the NA of the objective lens, is a variation of the spherical aberration of the 
optical system due to the temperature and humidity change. That is, in comparison with a glass 
lens, a generally used plastic lens in the optical pick-up apparatus is easily deformable due to the 
temperature or humidity change, and thereby, the refractive index changes. Even in a variation of 
the spherical aberration by the change of the refractive index which is not a problem in the optical 
system used in the conventional pick-up apparatus, its amount is not negligible in the 
combination the reduction of the wavelength of the laser and the increase of the NA of the 
objective lens, and a problem in which the spot diameter is increased, is generated. Accordingly, 
in the optical system employing a plastic lens, a spherical aberration becomes an important 
problem. 

[0005] Further, another problem in the combination of the shortening of the wavelength of the 
laser and the increase of the NA of the objective lens, is deviation of a spherical aberration taking 
place on the objective lens due to the slight deviation of wavelength of the light source. In the 
semiconductor laser used as a light source in the optical pickup apparatus, there is a deviation of 
+/- 10 nm among actual products of the semiconductor laser. Therefore, if a semiconductor laser 
having an wavelength deviating from a reference wavelength is used as the light source, the 
spherical aberration taking place on the objective lens becomes larger as the numerical aperture 
becomes lager. Owing to this, if it is determined that the semiconductor laser having an 
wavelength deviating from a reference wavelength is used as the light source, the selection for the 
semiconductor laser to be used as the light source will be required. As a result, the cost of the 
semiconductor laser will be raised. 

[0006] Further, another problem in the combination of the shortening of the wavelength of the 
laser and the increase of the NA of the objective lens, is deviation of a spherical aberration of the 
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* ^ opticzil system due to errors in the thickness of a protective layer (or a transparent substrate) of 

the optical, disk. Since the spherical aberration caused by the errors in the thickness of the 
. protective layer occurs in proportion to fourth power of numerical aperture of the objective lens, 

• - the influence of the errors in the thickness of the protective layer becomes larger as the numerical 

aperture of the objective lens becomes larger, there my be a fear that recording or reproducing 
information can not be conducted stably. 

[0007] In this connection, for the recording or reproducing of the information, between the 
optical disk of the next generation requiring the combination of the reduction of the wavelength 
of the laser and the increase of the NA of the objective lens, and the conventional optical disk, the 
wavelength of the light source and the NA of the objective lens are greatly different from each 
, other as described above. Further, in order to suppress the coma greatly generated due to the tilt 
of the disk surface from the surface perpendicular to the optical axis which is presupposed in the 
optical disk of the next generation, it is effective to reduce the transparent substrate thickness, 
however, according to that, the transparent substrate thickness is greatly different from the 
conventional optical disk such as a CD. For example, an optical disk proposed for use in a next 
future generation comprises a transparent substrate having a thickness of 0. 1 mm which is greatly 
different from the thickness of a transparent substrate of CD or DVD. Therefore, if the 
information of CD or DVD is reproduced by the objective lens for use in the next future 
generation, a large spherical aberration may be occurred. Accordingly, at least by using the 
common objective lens, without greatly increasing the cost, and by a compact optical pick-up 
apparatus, how to record or reproduce the information by suppressing the spherical aberration for 
the different optical information recording medium including the next generation optical disk, is a 
problem. 

[0008] Further, the other problems is a problem of the axial chromatic aberration caused in the 
objective lens due to minute variations of the wavelength of the laser light source. The change of 
the reflective index due to the minute variation of the wavelength of the general optical lens 
material is larger as the short wavelength is used. Therefore, the defocus amount of the focal 
point caused due to the minute variation of the wavelength becomes large. However, as it can be 
seen from a fact that the depth of focus of the objective lens is expressed by k . lambda /NA<2> 
(k is a proportional constant, lambda is the wavelength, and NA is a numerical aperture of an 
image side of the objective lens), the shorter the wavelength of the used light source is, the 
smaller the depth of the focus is, and even a few defocus amount is not allowed. Accordingly, in 
an optical system using a short wavelength light source such as the blue purple semiconductor 
laser (about 400 nm wavelength) and an objective lens having a high image side numerical 
aperture, in order to prevent a wavelength variation due to the mode hop phenomenon of the 
semiconductor laser, or the deterioration of the wave front aberration due to the high frequency 
superimposition, a correction of the axial chromatic aberration becomes important. 

SUMMARY OF THE INVENTION 



[0009] The present invention has been made in view of the above problems in prior and an object 
of the present invention is to provide an converging optical system and an optical pickup 
apparatus capable of correcting efficiently with a simple structure deviation in a spherical 
aberration occurring in each optical surface in an optical pickup apparatus due to variations in 
wavelength of a laser light source, changes in temperature and humidity, and errors in the 
thickness of a transparent base plate (substrate) on an optical information recording medium and 
in particular, capable of using a plastic lens for the converging optical system. 

[0010] Further, another object of the present invention is to provide an optical pick-up apparatus 
by which the axial chromatic aberration due to the mode hopping and HFCS (high frequency 
superimposition) of the semiconduction laser can be effectively corrected, and its objective lens 
and the beam expander. 

[001 1] Further, sill another object of the present invention is to provide an optical pick-up 
apparatus which is provided with the short wavelength laser and the high NA objective lens, and 
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• which can record or reproduce the information for the different optical information recording 
Inedium. Hereinafter, examples of means of the present invention to solve the above problems 

. will be exemplified. 

(A) An optical pickup apparatus for conducting recording and/or reproducing information of an 
optical information recording medium, comprises: 

a light source; 

a converging optical system to converge light flux emitted from the light source on an 

• information recording plane of the optical information recording medium so as to conduct 
reproducing and/or recording information of the optical information recording medium, the 
converging optical system having an objective lens; and 

a photo-detector to receive reflected light flux from the information recording plane; 
wherein the converging optical system comprises at least a plastic lens and a spherical aberration 
deviation correcting element to correct deviation of a spherical aberration of the converging 
optical system and a numerical aperture of the objective lens at an image-side is 0.65 or more. 

• (B) An optical information recording medium recording and/or reproducing apparatus for 
conducting recording and/or reproducing information of an optical information recording 
medium, comprises: 

an optical pickup apparatus comprising: 

a light source; 

an converging optical system to converge light flux emitted from the light source on an 
information recording plane of the optical information recording medium so as to conduct 
, reproducing and/or recording information of the optical information recording medium, the 
converging optical system having an objective lens; and 

a photo-detector to receive reflected light flux from the information recording plane; 
wherein the converging optical system comprises at least a plastic lens and a spherical aberration 
deviation correcting element to correct deviation of a spherical aberration of the converging 
optical system and a numerical aperture of the objective lens at an image-side is 0.65 or more. 

(C) A spherical aberration deviation correcting element for use in an optical information 
recording medium recording and/or reproducing apparatus, comprises: 

a positive lens group having at least one positive lens; and 
a negative lens group having at least one negative lens, 

wherein a numerical aperture of the objective lens at an image-side is 0.65 or more, 

at least one of the positive lens group and the negative lens group is movable in a direction of an 

optical axis and 

deviation of a spherical aberration of the optical pickup apparatus is corrected by moving the at 
least one of the positive lens group and the negative lens group in the direction of an optical axis, 
and 

wherein the spherical aberration deviation correcting element comprises at least one plastic lens. 

(D) A spherical aberration deviation correcting element for use in an optical pickup apparatus for 
recording and/or reproducing information of the optical information recording medium, 
comprises: 

a positive lens group having at least a positive lens; and 

a negative lens group having at least a negative lens, wherein at least one of the positive lens 
group and the negative lens group is a movable element movable in a direction of an optical axis 
and the movable element can change the slope angle of the marginal ray of an exit light flux by 
moving in a direction of the optical axis, and 

wherein each positive lens of the spherical aberration deviation correcting element has Abbe f s 
numbers of 70 or less or each negative lens of the spherical aberration deviation correcting 
element has Abbe's numbers of 40 or more and the spherical aberration deviation correcting 
element comprise at least a diffractive surface having a ring-shaped diffractive structure. 
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fc (E) A : spherical aberration deviation correcting element unit for use in an optical information 
recording medium recording and/or reproducing apparatus, comprising: 

» a spherical aberration deviation correcting element comprising, 
a positive lens group having at least one positive lens; and 
a negative lens group having at least one negative lens, 

wherein at least one of the positive lens group and the negative lens group is movable in a 
direction of an optical axis and deviation of a spherical aberration of the optical pickup apparatus 
is corrected by moving the at least one of the positive lens group and the negative lens group in 
the direction of an optical axis, and 

wherein each positive lens has Abbe's numbers of 70 or less and each negative lens has Abbe's 
numbers of 40 or more and the spherical aberration deviation correcting element comprise at least 
a diffractive surface having a ring-shaped diffractive structure; and 

a moving device to at least one of the positive lens and the negative lens in a direction of an 
optical axis. 



[0012] Further, another preferable means to attain the above object are exemplified. 

(1) An optical pick-up apparatus comprises a converging optical system including a light source, 
and an objective lens to converge the light flux emitted from the light source onto the information 
recording plane (surface) through a transparent substrate of an optical information recording 
medium, and a light detector to light-receive the reflected light from the optical information 
recording medium, wherein the objective lens includes a lens composed of at least one plastic 
lens, and because a means for correcting a variation of the spherical aberration caused by a 
change of at least one of the shape and the refractive index of the objective lens, and by the 
variation of the (oscillation) wavelength of the light source, for the environmental change 
between the temperature of -30 C to + 85 C, and the humidity of 5 % to 90 %, is provided 
between the light source and the objective lens, even when a change of the refractive index is 
generated in the objective lens, or even when the change of the wavelength of the light source is 
generated, corresponding to the temperature or humidity change of the environment in which the 
optical pick-up apparatus is used, the variation of the spherical aberration of the objective lens 
caused due to them can be effectively suppressed. 

[0013] In this connection, the objective lens is defined to be included 'between the light source 
and the objective lens', and accordingly, even the diffractive surface provided on the surface of 
the objective lens can become a means for correcting the variation of the spherical aberration in 
the present invention. 

(2) An optical pickup apparatus comprises the light source of the wavelength lambda , a 
converging optical system including the objective lens to converge the light flux emitted from the 
light source onto the information recording plane through the transparent substrate of the optical 
information recording medium, and a light detector for receiving the reflected light from the 
optical information recording medium, wherein a means for correcting the variation of the 
spherical aberration is provided between the light source and the objective lens, and because the 
means for correcting the variation of the spherical aberration can correct the spherical aberration 
up to 0.2 lambda rms to less than 0.07 lambda rms, for example, the variation of the spherical 
aberration of the objective lens caused due to the temperature or humidity change of the 
environment in which the optical pick-up apparatus is used, and/or the minute variation of the 
wavelength of the light source, can be effectively suppressed. 

(3) The optical pick-up apparatus described in (2) is preferable when the means for correcting the 
variation of the spherical aberration can correct the spherical aberration up to the 0.5 lambda rms 
to not more than 0.07 lambda rms. 

(4) An optical pick-up apparatus comprises the light source, a converging optical system 
including the objective lens to converge the light flux emitted from the light source onto the 
information recording plane through the transparent substrate of the optical information recording 
medium, and a light detector for light-receiving the reflected light from the optical information 
recording medium, wherein, because a means for correcting the variation of the spherical 
aberration generated in the objective lens is provided between the light source and the objective 
lens, for example, the variation of the spherical aberration of the objective lens caused due to the 
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* ^ temperature or humidity change of the environment in which the optical pick-up apparatus is 
used, and/or the minute variation of the wavelength of the light source, can be effectively 
suppressed. 

• (5) Because there is a deviation of about +/- 10 nm among the individual bodies in the 
wavelength of the semiconductor laser, in the optical system using the objective lens having the 
light source of the short wavelength and the high image side numerical aperture, when the 
semiconductor laser deviated from the wavelength as the reference is used, it becomes a factor of 
the performance deterioration of the apparatus, and it may be necessary to select the 
semiconductor laser. An optical pick-up apparatus described in (5) is an optical pick-up apparatus 
comprising a light source, a converging optical system including the objective lens to converge 
the light flux emitted from the light source onto the information recording plane through the 
transparent substrate of the optical information recording medium, and a light detector for light- 

• receiving the reflected light from the optical information recording medium, wherein, because a 
means for correcting the variation of the spherical aberration generated in the objective lens due 
to the minute variation of the wavelength of the light source, is provided between the light source 
and the objective lens, the variation of the spherical aberration of the objective lens caused when 
the semiconductor laser deviated from the wavelength as the reference is used, can be effectively 
suppressed, thereby, the selection of the semiconductor laser is not necessary. 

(6) An optical pick-up apparatus comprises a light source, a converging optical system including 
the objective lens to converge the light flux emitted from the light source onto the information 

. recording plane through the transparent substrate of the optical information recording medium, 
and a light detector for light-receiving the reflected light from the optical information recording 
medium, wherein, because a means for correcting the variation of the spherical aberration 
generated in the conversing optical system due to the temperature or humidity change is provided 
between the light source and the objective lens, thereby, for example, the variation of the 
spherical aberration of the objective lens caused due to the temperature or humidity change of the 
environment in which the optical pick-up apparatus is used, can be effectively suppressed. 

(7) An optical pick-up apparatus comprises a light source, a converging optical system including 
the objective lens to converge the light flux emitted from the light source onto the information 
recording plane through the transparent substrate of the optical information recording medium, 
and a light detector for light-receiving the reflected light from the optical information recording 
medium, wherein, because a means for correcting the variation of the spherical aberration 
generated in the light conversing optical system due to the minute variation of the oscillation 
wavelength of the light source and the temperature or humidity change is provided between the 
light source and the objective lens, thereby, for example, the variation of the spherical aberration 
of the objective lens caused due to the temperature or humidity change of the environment in 
which the optical pick-up apparatus is used, and caused when the semiconductor laser deviated 
from the reference wavelength as the light source is used, can be effectively suppressed. 

(8) The optical pick-up apparatus described in (1) to (7) is characterized in that a means for 
correcting the variation of the spherical aberration includes at least one positive lens and at least 
one negative lens, and at least one of them is a movable element which can move in the optical 
axis direction. 

(9) Further, the optical pick-up apparatus described in (1) to (7) is characterized in that a means 
for correcting the variation of the spherical aberration has a positive lens group having the 
positive refractive power including at least one positive lens, and a negative lens group having the 

• negative refractive power including at least one negative lens, and at least one lens group of them 
is a movable element which can move in the optical axis direction. 

[0014] In the optical pick-up apparatus used the light source of the short wavelength, as described 
above, the variation of the spherical aberration due to the wavelength variation of the light source 
or the variation of the spherical aberration due to the temperature and humidity change is large. 
Particularly, when the objective lens of the high image side numerical aperture (high NA) or the 
objective lens composed of plastic material is used, the variation is increased. Accordingly, in the 
optical pick-up apparatus using the light source of the short wavelength, it is particularly 
necessary to provide a means for correcting the variation of these spherical aberration. When the 
spherical aberration of the objective lens is varied due to the minute change of the wavelength or 
the temperature or humidity change, by moving the movable element of a means for correcting 
the variation of the spherical aberration by an appropriate amount, and by changing the slope 
angle of the marginal ray of the light flux incident to the objective lens so that the spherical 
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" Pig. 59 is a spherical aberration view of a coupling lens and an objective lens according to the 
example 22. 

- Fig. 60 is a sectional view of a coupling lens and an objective lens according to the example 23. 
• Fig. 61 is a spherical aberration view of a coupling lens and an objective lens according to the 
example 23. 

Fig. 62 is a view showing another embodiment of an optical pickup apparatus employing the 
objective lens of the present invention. 

Fig. 63 is a sectional view showing an embodiment employing a refracting index distribution 
changing element according to the present invention. 

Fig. 64 is a sectional view showing another embodiment employing a refracting index 
distribution changing element according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0077] The optical pick-up apparatus to conduct the recording and/or reproducing of the 
information of the optical information recording medium of the present invention has a light 
source, a converging optical system having the objective lens for converging the light flux 
emitted from the light source onto the information recording plane of the optical information 
recording medium so that the reproducing and/or recording of the information of the optical 
information recording medium can be conducted, and a photo detector for receiving the reflected 
light flux from the information recording plane. The converging optical system has at least one 
plastic lens, and a spherical aberration deviation (variation) correcting element (means) for 
correcting the deviation (variation) of the spherical aberration of the converging optical system. 
The numerical aperture at the image side of the objective lens is not smaller than 0.65 (preferably, 
not smaller than 0.75). 

[0078] It is preferable that the light source is a semiconductor laser diode whose wavelength iis 
not larger than 500 nm so as to be applied for the high density optical information recording 
medium. When the wavelength is such the short wavelength, it is preferable because the effect of 
the present invention becomes conspicuous. 

[0079] It is preferable that the converging optical system has a coupling lens such as a collimator 
lens. The coupling lens may be composed of one lens, or one lens group, or comprises plurality of 
lenses or plurality of lens groups. Further, it is preferable that the converging optical system can 
converge the light flux of the wavelength lambda emitted from the light source onto the 
information recording plane of the optical information recording medium within a predetermined 
numerical aperture of the optical information recording medium in the condition of the wavefront 
aberration not larger than 0.07 lambda rms. More preferably, the converging optical system can 
converge the light flux in the condition of not larger than 0.05 lambda rms. 

[0080] The objective lens may be composed of one lens, or one lens group, or comprises plurality 
of lenses or plurality of lens groups. From the viewpoint of cost and the mounting accuracy, it is 

* preferable that the objective lens is composed of a single lens. Further, it is preferable that the 
objective lens has at least one aspheric surface. 

[0081] The optical pick-up apparatus of the present invention can be applied for a pickup 
apparatus to detect the reflected light from the information recording plane and reproduces and/or 
records the information. 

[0082] The photo detector is a detector to detect the reflected light, and an element to convert 

* optical signals into electronic signals such as PDIC is preferably used. 

[0083] The plastic lens provided in the converging optical system may be an objective lens, or a 
coupling lens such as a collimator lens, or a lens constituting the spherical aberration deviation 
correcting element, or a lens constituting the axial chromatic aberration correcting element, or 
other lenses. Of course, all of the lenses in the converging optical system may be made of plastic. 



anduandbandd 



[0084] The spherical aberration deviation (variation) correcting element may be composed of one 

• optical element, or may have more than two optical elements. 

[0085] Further, as examples of the deviation (variation) of the spherical aberration of the 
converging optical system to be corrected by the spherical aberration deviation (variation) 
correcting element, the following examples are listed. 

[0086] The first example is the deviation (variation) of the spherical aberration accompanied by 
the change of the temperature and/or the humidity. For example, it is the variation of the spherical 
aberration generated accompanied by the change of at least one of the shape of the optical 
element (specifically, the optical element formed of plastic) and refractive index due to the 
environmental change between the temperature -30 to +85 DEG C, humidity 5 % to 90 %. The 
second example is the deviation (variation) of the spherical aberration accompanied by the 
wavelength deviation (variation) of the light source and/or the manufacturing error of the 
wavelength of the light source. In this connection, the [wavelength deviation (variation)] used 
herein means that the wavelength of the light source of the optical pick-up apparatus is minutely 
varied by about -10 nm to +10 nm accompanied by the change of the temperature, humidity or 
time, and the [manufacturing error of the wavelength] means the error of the wavelength due to 
the deviation for each of light sources at the time of the production of the light source. The third 
example is the deviation (variation) of the spherical aberration accompanied by the deviation 
(variation) of the thickness of the transparent substrate of the optical information recording 
medium. The deviation (variation) of a thickness of the transparent substrate includes a slight 
change in a thickness of the transparent substrate (less than 100 mu m preferably) of one optical 
information recording medium, and it also includes a difference of a thickness of a transparent 
substrate between at least two kinds of optical information recording medium, and the former is 
preferably meant. The fourth example is the deviation (variation) of the spherical aberration 
caused by the manufacturing errors of optical element of the converging optical system such as a 
lens (for example, errors of a form of the surface or errors of thickness on an optical axis) 
aberration caused by, if a spherical aberration deviation correcting element can correct the 
spherical aberration deviation of fourth example manufacturing precision does not need to be too 
severe, and lens productivity can be enhanced. 

[0087] Incidentally, when temperature rises, spherical aberration is generated on an information 
recording plane in the case of a refractive lens, in general, while, when temperature falls, 
undercorrected spherical aberration is generated. (However, when a objective lens having two 
lenses is used, undercorrected spherical aberration is sometimes generated when temperature 
rises.) When humidity rises, undercorrected spherical aberration is generated on an information 
recording plane in the case of a refractive lens, in general, while, when humidity falls, 
overcorrected spherical aberration is generated. When a wavelength of a light source turns out to 
be long, overcorrected spherical aberration is generated on an information recording plane in the 
case of a refractive lens, in general, while, when a wavelength of a light source turns out to be 
" short, undercorrected spherical aberration is generated. Further, when a thickness of a transparent 
substrate of an optical information recording medium is increased, overcorrected spherical 
aberration is generated on an information recording plane in the case of a refractive lens, in 
general, while, when a thickness of a transparent substrate is decreased, undercorrected spherical 
aberration is generated. 

[0088] Further, it is preferable that spherical aberration deviation correcting element can correct 
the spherical aberration from 0.07 lambda rms up to 0.2 lambda rms to not larger than 0.07 
4 lambda rms. Further preferably, the spherical aberration from 0.07 lambda rms up to 0.5 lambda 
rms can be corrected to not larger than 0.07 lambda rms. 

[0089] The spherical aberration deviation (variation) correcting element may have a movable 
element movable in the optical axis direction, or may be composed of only a fixed element. 
Further, the spherical aberration deviation correcting element may be a combination of the 
movable element and the fixed element. 

• [0090] A mode in which the spherical aberration deviation (variation) correcting element has the 
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movable element will be described below. In the case where it has the movable element, when the 
movable element moves in the optical axis direction, the movable element can change the slope 

• angle of the marginal ray of an exit light flux by moving in an optical axis direction, and the 
deviation (variation) of the spherical aberration is corrected. In this connection, the movable 
element is preferably a lens or a lens group. More preferably, the movable element has a plastic 
lens. When the spherical averration deviation correcting element has the fixed element together 
with the movable element, the fixed element may also have a plastic lens. Further, preferably, the 
movable element has an aspheric lens having an aspheric surface on at least one surface. It may 
be a lens which has two aspheric surfaces. When it has the fixed element together with the 
movable element, the fixed element may also have an aspheric lens. Further, the optical pick-up 
apparatus preferably has a moving device to move the movable element in the direction of an 
optical axis. For example, the voice coil actuator or the piezoelectric actuator can be used as the 
moving device. 

[0091] The first example having the movable element is an example in which the converging 
optical system has coupling lens, and at least one lens group in the lens group constructing the 
coupling lens is a movable element of the spherical aberration deviation (variation) correcting 
element. The coupling lens is composed of one or plural lens groups, and one lens group is 
composed of one or plural lenses. Incidentally, with regard to a "lens group" in the invention, one 
lens or a set of plural lenses each having the same movement is regarded as one lens group, in the 
case of lenses moving in the direction of an optical axis, and one lens or a set of plural lenses 
which are in contact with adjacent lenses is regarded as one lens group, in the case of lenses 
which do not move in the direction of an optical axis. Therefore, when two lenses which do not 
move in the direction of an optical axis are present to be away from each other, these lenses are 
regarded as different lens groups. 

[0092] The one example of the frist example will be shown. The converging optical system has 
the coupling lens having at least 2 lens groups, and at least one lens group among at least 2 lens 
groups constituting the coupling lens is a movable element of a spherical aberration deviation 
correcting element. Incidentally, all lens groups constituting the coupling lens may move in the 
direction of an optical axis, or, one or plural lens groups which do not move in the direction of an 
optical axis may be used as a fixed element. The example is shown in Fig. 40. 

[0093] In this connection, in the lenses shown in Fig. 40, the coupling lens is composed of 2 
elements (lenses) in 2 groups. The positive lens is the movable element of the spherical aberration 
deviation correcting element. Of course, in the example 1-1, the one lens group of coupling lens 
may be composed of one lens, or a plurality of lenses. Further, in one lens group, a plurality of 
lenses may be cemented or not cemented. Further, in the example 1-1, the coupling lens 
composed of 2 lens groups may be composed of the positive lens group and the negative lens 
group, or may be composed of the positive lens group and the positive lens group. In the case of 

• the coupling lens composed of the positive lens group and negative lens group, the positive lens 
group may be the movable element, or the negative lens group may be the movable element. In 
this connection, it is preferable that the coupling lens has a plastic lens. Particularly, the movable 
element preferably has a plastic lens. Further, the coupling lens has preferably the aspheric lens. 
Particularly, the movable element preferably has the aspheric lens. 

[0094] In the example 1-1, when the coupling lens is composed of two lens groups, it is 
preferable to move a movable element so that a distance between two groups of the coupling lens 
, may be reduced, when spherical aberration varies in the overcorrected deviation on the 

information recording plane, and it is preferable to move a movable element so that a distance 
between two groups of the coupling lens may be extended when spherical aberration varies in the 
undercorrected deviation on the information recording plane. 

[0095] Next, the another example of the first example (example 1-2) will be shown. Also in this 
mode, the coupling lens is the movable element of the spherical aberration deviation correcting 
element. The coupling lens in the converging optical system is composed of only one lens group, 
and the one lens group of coupling lens is the movable element of the spherical aberration 
deviation correcting element. That example is shown in Fig. 62. 
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J0096] In this connection, in the coupling lens shown in Fig. 62, the coupling lens is composed of 
one element in one group, and the element is a positive lens, and the positive lens is the movable 
• element of the spherical aberration deviation correcting element. Of course, in the example 1-2, 
- one lens group of the coupling lens may be composed of one lens, or may be composed of a 
plurality of lenses. Further, in the one lens group, a plurality of lenses may be cemented, or not 
cemented. In this connection, it is preferable that the coupling lens has a plastic lens. Further, it is 
preferable that the coupling lens has an aspheric lens. 

[0097] In the example 1-2, it is preferable that the following conditional expression is satisfied. 
0.05 </- jmj </= 0.5 (m < 0) 

m: the magnification of the combined system of the objective lens and the coupling lens. 

[0098] It is more preferable that the following conditional expression is satisfied. 
0.1</=!m!</=0.5(m<0) 



[0099] In the example 1-2, when spherical aberration varies in the overcorrected direction on the 
information recording plane, it is preferable that the coupling lens is moved so that a distance 
between the coupling lens and the objective lens may be extended, while when spherical 
aberration varies in the under corrected direction on the information recording plane, it is 
preferable that the coupling lens is moved so that a distance between the coupling lens and the 
objective lens may be reduced. 

[0100] An example of an embodiment which is more preferable in the first example having 
therein a movable element will be shown below. A wavelength of a light source is not more than 
500 nm, at least one lens in the coupling lens has a diffractive surface having a ring-shaped 
diffractive structure, the lens having a diffractive surface is a plastic lens, and the movable 
element is a plastic lens and an objective lens is a plastic lens. 

[0101] Next, the second example having the movable element will be shown. The second 
example is an example in which the converging optical system has a coupling lens, and has the 
positive lens group having at least one positive lens and the negative lens group having at least 
one negative lens, between the coupling lens and the objective lens, and at least one of the 
positive lens group and the negative lens group is the movable element of the spherical aberration 
deviation correcting element. Further, its one example is shown in Fig. 1 . 

[0102] In the second example, the positive lens group and the negative lens group may be 
composed of respectively one lens, or may be composed of a plurality of lenses. Further, in 
respective lens groups, a plurality of lenses may be cemented or not cemented. In this connection, 
it is preferable that the positive lens group, or the negative lens group has the plastic lens. More 
preferably, the movable lens groups have the plastic lens. Further, it is preferable that the positive 
lens group or the negative lens group has the aspheric lens. More preferably, the movable lens 
groups have the aspheric lens. 

[0103] Further, in the second example, the converging optical system may have a beam expander, 
and the beam expander may also have the positive lens group and the negative lens group. Of 
course, in this case also, at least one of the positive lens group and the negative lens group is the 
movable element of the spherical aberration deviation correcting element. It is preferable that the 
beam expander has a moving device to move the movable element. For example, the voice coil 
actuator or the piezoelectric actuator can be used as the moving device. 

[0104] In this connection, in the optical system shown in Fig. 1, the coupling lens having positive 
refractive power is composed of one element in one group, and the one element is a positive lens 
and the beam expander is provided between the coupling lens and the objective lens, and the 
beam expander is composed of one negative lens and one positive lens, and the negative lens is 
the movable element of the spherical aberration deviation correcting element. 

[0105] In the second example, it is preferable that the following conditional expression is 
satisfied. 
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* i fP/fN } >/= 1.1 



-fP: the focal distance of the positive lens group (when the positive lens group has the diffractive 
surface, fP is the total focal distance in which the refractive power and the diffractive power are 
combined together) 

£N: the focal distance of the negative lens group (when the negative lens group has the diffractive 
surface, fN is the total focal distance in which the refractive power and the diffractive power are 
combined together). 



[0106] More preferably, 
jfP/fNj>/=1.2. 



[0107] Further preferably, 
2.0 >/=jfP/fN|>/=1.2. 



[0108] Further more preferably, 
2.0>/=jfP/fN|>/=1.3. 

[0109] In the example 2, in which a beam expander is composed of two lens groups including a 
positive lens group and a negative lens group, when spherical aberration varies in the 
overcorrected deviation on the information recording plane, it is preferable that the movable 
element is moved so that a distance between the two lens groups of the beam expander is 
reduced, while, when spherical aberration varies in the undercorrected deviation on the 
information recording plane, it is preferable that the movable element is moved so that a distance 
between the two lens groups of the beam expander may be extended. 

[0110] Incidentally, a preferable embodiment in the second example having therein a movable 
element will be shown below. A wavelength of a light source is not more than 500 nm, at least 
one lens among positive lens group or a negative lens group has a diffractive surface having a 
ring-shaped diffractive structure, a lens having a diffractive surface is a plastic lens, and the 
movable element is a plastic lens and an objective lens is a plastic lens. 

[0111] Next, there will be described an occasion wherein a spherical aberration deviation 
correcting element has no movable element but has only a fixed element which does not move in 
the direction of an optical axis. It is preferable that the fixed element is represented by an element 
whose refractive index distribution in the direction perpendicular to an optical axis is variable. 
For example, there is given a liquid crystal element. An example of a preferable fixed element 
whose refractive index distribution is variable will be shown below. 

[01 12] Fig. 63 shows the example 1. Between the objective lens and the collimator lens, there is 
arranged refractive index distribution variable element 21 whose refractive index distribution is 
variable, as shown in Fig. 63. 

[0113] As refractive index distribution variable element 21, it is possible to use an element 
wherein electrode layers a, b and c which are electrically connected each other and are 
transparent optically, for example, and refractive index distribution variable layers d and e which 
are insulated electrically from the electrode layers a, b and c and change in terms of refractive 
index distribution in accordance with impressed voltage are laminated alternatively, and optically 
transparent electrode layers a, b and c are divided into plural areas. 

[0114] In Fig. 63, when deviation of spherical aberration is detected, voltage is impressed on 
electrode layers a, b and c by driving means 22 for refractive index distribution variable element 
21 so that refractive index of refractive index distribution variable layers d and e may be changed 
depending on locations, and a phase of light emerging from refractive index distribution variable 
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* element 21 is controlled so that deviation of spherical aberration may be zero. 

* [0115] Fig. 64 shows an example of another refractive index distribution variable element. 

* Refractive index distribution variable element 23 in Fig. 64 is equipped with liquid crystal 
element 23 a on which liquid crystal molecules are arranged in order in the arbitrary X direction 
on a plane perpendicular to an optical axis and with liquid crystal element 23b on which liquid 
crystal molecules are arranged in order in the Y direction perpendicular to the X direction on a 
plane perpendicular to an optical axis. Liquid crystal element 23a and liquid crystal element 23b 
are laminated alternatively with an inbetween of glass base board 23c, and 1/2 wavelength plate 
23d is arranged between inner glass substrate 23c. 

[0116] In Fig. 64, when deviation of spherical aberration is detected, deviation of spherical 
aberration is corrected by impressing voltage on each of liquid crystal element 23a and liquid 
crystal element 23b both of refractive index distribution variable element 23 with driving means 
22, and thereby, by controlling component in X direction and component in Y direction of light 
emerging from refractive index distribution variable element 23 independently. 

[0117] Refractive index distribution variable element 21 and refractive index distribution variable 
element 23 shown respectively in Fig. 63 and Fig. 64 make it possible to constitute a converging 
optical system which has no movable element and has structure that is mechanically simple. 

[01 18] Further, it is preferable that the converging optical system has the axial chromatic 
aberration correcting element to correct the axial chromatic aberration of the converging optical 
system. Particularly, in the case where the converging optical system has the plastic lens, 
particularly the objective lens is the plastic lens, a problem of the axial chromatic aberration 
becomes conspicuous, and it is preferable that converging optical system has the axial chromatic 
aberration correcting element. Further, in the case that the wavelength of the light source is 500 
nm or less, it is preferable to comprise the axial chromatic aberration correcting element, since 
the axial chromatic aberration becomes larger. In this connection, the axial chromatic aberration 
correcting element and the spherical aberration deviation correcting element may be composed of 
the same optical elements or members, or may be composed of different optical elements or 
members. One of the axial chromatic aberration correcting element and the spherical aberration 
deviation correcting element may be incorporated in the other one. Further, a part of the spherical 
aberration deviation correcting element and a part of the axial chromatic aberration correcting 
element may be the same optical element. Further, the axial chromatic aberration correcting 
element may be composed of one optical element, or may have more than 2 optical elements. 

[01 19] It is preferable that in case that the axial chromatic aberration correcting element 
comprises at least one positive lens group (including only one lens or plural lenses) having one 
positive lens and at least one negative lens group (including only one lens or plural lenses) having 
one negative lens, and the following condition is satisfied, 
nu dP > nu dN 

nu dP: an average of Abbe's numbers of d lines of all the positive lenses of the conversing optical 
system 

nu dN; an average of Abbe's numbers of d lines of all the negative lenses of the conversing 
optical system 

[0120] Further preferably, the following condition is satisfied, 
nu dP > 55 

riudN<35 



% [0121] Further, in the case of the above second example in which the spherical aberration 
deviation correcting element has the movable element, as the axial chromatic aberration 
correcting element, it is preferable that the following conditional expression is satisfied. 
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DELTA d . ! fP/fN \l DELTA nu d </= 0.05 



• DELTA d: the movement amount (mm) of the movable element when the information is recorded 
or reproduced for one information recording plane of one arbitrary optical information recording 
medium for which the information can be recorded or reproduced, 

fP: the focal length (mm) of the positive lens group (in this connection, when the diffractive 
surface is provided on the positive lens group, the total focal length in which the refractive power 
and the diffractive power are combined), 

fN: the focal length (mm) of the negative lens group (in this connection, when the diffractive 
surface is provided on the negative lens group, the total focal length in which the refractive power 
and the diffractive power are combined), DELTA nu d: the difference between the maximum 
value of Abbe's number of the positive lens and the minimum value of Abbe f s number of the 
negative lens, in the positive lens group and the negative lens group. 



[0122] Incidentally, it is preferable that DELTA d is defined as follows. 

[0123] DELTA d: The movement amount (mm) of a movable element necessary for correcting 
deviation of spherical aberration caused by temperature rise of 30 DEG C from standard 
temperature (preferably, temperature within a range of 15 - 35 DEG C) to 0.05 lambda rms or less 



[0124] Further, in the case of the above second example in which the spherical aberration 
deviation correcting element has the movable element, as the axial chromatic aberration 
correcting element, it is preferable that the following conditional expression is satisfied. 
DELTA d . ! fP/fN j</= 0.5 

[0125] Further, it is preferable that the axial chromatic aberration correcting element has the 
diffractive surface having the ring-shaped diffractive structure. It is preferable because the 
correction can be more intensely conducted, as compared to a case in which the axial chromatic 
aberration is corrected by the regulation of Abbe's number. The diffractive surface may be 
provided on the objective lens, or coupling lens, or on the other lens, or on the optical element 
other than lenses. Of course, diffractive surface may also be provided on the optical element 
comprised in the spherical aberration deviation correcting element. Further, a diffractive surface 
may be provided on one side or both sides of the lens. The optical element provided with the 
diffractive surface becomes the axial chromatic aberration correcting element. 

[0126] Further, when axial chromatic aberration correcting element has a positive lens group 
having at least one positive lens (having only one lens or plural lenses), a negative lens group 
having at least one negative lens (having only one lens or plural lenses) and further, at least one 
diffractive surface, it is preferable that Abbe's number of d line for each of all positive lenses of 
the converging optical system is not more than 70, and Abbe's number of d line for each of all 
negative lenses of the converging optical system is not less than 40. 

[0127] When providing a axial chromatic aberration correcting element having a diffractive 
surface, it is preferable that the following conditional expression is satisfied, when "a" represents 
the axial chromatic aberration caused by reflective index dispersion of a converging optical 
system (induding objective lens and other optical elements) when a wavelength of a light source 
varies (preferably, varies by - 10 nm to +10 nm), 

and "b" represents the sum total of the axial chromatic aberrations caused by both refractive index 
dispersion of the converging optical system and a diffractive surface. 
• !a|>|b| 

[0128] Further, it is preferable that the diffractive surface suppresses axial chromatic aberration 
caused by an objective lens when a wavelength of a light source varies. In particular, it is 
preferable that axial chromatic aberration is suppressed when a wavelength slightly varies by -10 
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nm to +10 nm. Further, when a wavelength of a light source varies, it is preferable that axial 
chromatic aberration caused by the diffractive surface and axial chromatic aberration caused by 
refractive index dispersion of a converging optical system offset each other for the most part 
(preferably, perfectly). Further, when the wavelength of a light source increases, it is preferable 
that the diffractive surface has wavelength characteristics which make the back focus to be short. 
Further, it is preferable that the diffractive surface corrects spherical aberration so that spherical 
aberration caused by refractive index dispersion of a converging optical system when a 
wavelength of a light source varies may be made to approach the spherical aberration of the 
converging optical system in the case of the standard wavelength. To be more concrete, it is 
preferable that undercorrected spherical aberration caused by the diffractive surface when a 
wavelength of a light source increases, corrects overcorrected spherical aberration caused by 
refractive index dispersion of the converging optical system. It is further preferable that spherical 
aberration caused by the diffractive surface when a wavelength of a light source varies and 
spherical aberration caused by the refractive index dispersion of a converging optical system 
offset each other for the most part (preferably, perfectly). When the wavelength of a light source 
increases, it is preferable that the diffractive surface has spherical aberration characteristics which 
make spherical aberration to be undercorrected. Further, it is preferable that the diffractive 
surface generates an amount of nth-ordered diffracted ray (n represents integers other than 0, +/- 
1) to be greater than that of any other ordered diffracted ray. 

[0129] Further, it is preferable that the axial chromatic aberration correcting element satisfies the 

following conditional expression. 

P2<PKP3 



PI : the paraxial power of the axial chromatic aberration correcting element at the wavelength of 
light source, 

P2: the paraxial power of the axial chromatic aberration correcting element at the wavelength 
which is 10 nm shorter than the wavelength of the light source, 

P3: the paraxial power of the axial chromatic aberration correcting element at the wavelength 
which is 10 nm longer than the wavelength of the light source. 



[0130] When the axial chromatic aberration correcting element has a diffractive surface, each of 
the paraxial powers PI, P2, P3 stated above are the total paraxial powers wherein paraxial 
refractive power and paraxial diffractive power are combined. 

[0131] When the objective lens is composed of one lens, it is preferable that the following 
conditional expression is satisfied. 
1.1 <7=dl/f</-3 



dl : the axial lens thickness of the objective lens, 
f: the focal distance of the objective lens 



[0132] More preferably, 1.2 </= dl/f </= 2.3, and further preferably, 1.4 </= dl/f </= 1.8. 

[0133] The condition mentioned above is especially appropriate in the objective lens of an optical 
pickup apparatus used for reproducing or recording of information for only optical information 
recording medium or media whose necessary numerical aperture is 0.65 or more. 

[0134] Further, it is preferable that the objective lens is the plastic lens. 

[0135] As the material of the optical element in the present invention, the following is listed as 
the preferable materials. Further, it is more preferable that the optical element, particularly the 
movable element comprised of the spherical aberration deviation correcting element, or the 
objective lens is made of the following materials. The material whose specific gravity is not 
larger than 2.0. The material whose saturated water absorption is not larger than 0.5 %. The 
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■ material, for the light of the wavelength of the light source, whose internal transmitance at the 3 
'mm thickness is not smaller than 85 %. Plastics satisfying one or more of the above conditions. 

* [0136] Further, the optical pick-up apparatus of the present invention may be made so that it 
conducts the recording and /or reproducing of the information of only one kind of optical 
information recording medium, or it can also conduct the recording and /or reproducing of the 
information of more than 2 kinds of different optical information recording media. 

[0137] For example, when the optical pick-up apparatus can conduct the recording and /or 
reproducing of the information of 2 kinds of optical information recording media, it is preferable 
that the optical pick-up apparatus has the first light source to emit the first light flux of the 
wavelength of lambda 1 to conduct the reproducing and/or recording of the first optical 
information recording medium, and the second light source to emit the second light flux of the 
wavelength of lambda 2 ( lambda 1 NOTEQUAL lambda 2) to conduct the reproducing and/or 
recording of the second optical information recording medium. The converging optical system 
converges at least a portion of the first light flux onto the information recording plane of the first 
optical information recording medium so that the information of the first optical information 
recording medium can be recorded and/or reproduced, and converges at least a portion of the 
second light flux onto the information recording plane of the second optical information 
recording medium so that the information of the second optical information recording medium 
can be recorded and/or reproduced. 

[0138] In this connection, the different kind of optical information recording medium includes 
cases in which the recording density of the information is different, the necessary numerical 
aperture for recording and/or reproducing is different, the wavelength used for recording and/or 
reproducing of the information is different, the thickness of the transparent substrate is different, 
or the combination of these cases. As a preferable example, the combination in which lambda 1 < 
lambda 2, and the recording density of information of the first optical information recording 
medium is higher than the density of the second information recording medium, and the 
transparent substrate thickness of the first optical information recording medium is thinner than 
the transparent substrate thickness of the second optical information recording medium, and the 
necessary numerical aperture for recording and/or reproducing information of the first optical 
information recording medium is larger than the necessary numerical aperture for recording 
and/or reproducing information of the second optical information recording medium, is listed. 

[0139] Especially, when a thickness of the first transparent substrate of the first optical 
information recording medium is different from a thickness of second transparent substrate of the 
second optical information recording medium, the spherical aberration deviation correcting 
element may correct variation of spherical aberration caused by a difference between a thickness 
of the first transparent substrate and that of the second transparent substrate. 

[0140] As the structure to record and/or reproduce 2 kinds of different optical information 
recording media by one optical pick-up apparatus, various modes can be applied. 

[0141] As the first example, a mode in which the spherical aberration deviation correcting 
element having the movable element of the spherical aberration deviation correcting element is 
used, is listed. When the movable element of the spherical aberration deviation correcting 
element is moved in the optical axis direction, the slop angle of the marginal ray of the incident 
. light flux into the objective lens is changed, and the deviation of the spherical aberration 

generated by the difference of the transparent substrate thickness of 2 kinds of optical information 
recording media is corrected, and the light flux is converged onto respective information 
recording planes so that the information can be recorded and/or reproduced. 

[0142] The second example is a mode in which the diffractive surface is used. The diffractive 
surface is provided on the optical element in the converging optical system, and by using the 
difference of the position of the focus point of the diffracted light by difference of the 
wavelengths of 2 light sources, the spherical aberration caused by the difference of the 
transparent substrate thickness of 2 kinds of the optical information recording media is corrected, 
and the light fluxes are converged onto respective information recording planes so that the 
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• information can be recorded and/or reproduced. The dififractive surface may be provided on the 
"coupling lens, or the objective lens, or may be provided also on the other optical elements. 

* [0143] The third example is a mode in which the optical element such as an objective lens having 
at least 3 divided surfaces formed concentric circularly around the optical axis is used. When the 
divided surface closest to the optical axis is the first divided surface, its outside divided surface is 
the second divided surface, and its outside surface is the third divided surface, the light flux 
passed through the first divided surface and the third divided surface is converged onto the 
information recording plane of the first optical information recording medium so that the 
information can be recorded and/or reproduced. On the one hand, the light flux passed through 
the first divided surface and the second divided surface is converged onto the information 
recording plane of the second optical information recording medium whose necessary 
predetermined numerical aperture is smaller than the first optical information recording medium, 
so that the information can be recorded and/or reproduced. 

[0144] Incidentally, on the outside of the third divided surface, one or plural divided surfaces may 
be further provided. 

[0145] The fourth example is an embodiment wherein an objective lens has, on its at least one 
surface, ring-shape stepped sections which divide an incident light flux through refraction effect 
into a ring-shaped light flux (in this case, Kst>, 2<nd>, ... k-th light fluxes in the order from the 
optical axis side to its outside) in quantity of k (k ^ 3), spherical aberration component of 
wavefront aberration of the l<st> and k-th light fluxes in the position of the best image plane 
made by the Kst> and k-th light fluxes is 0.07 lambda 1 rms or less, at least two light fluxes 
among the 2<nd> to (k-l)-th fluxes form a position of an apparent best image plane at the 
location different from the position of the best image plane made by the Kst> and k-th light 
fluxes, and at the position of the best image plane made by the Kst> and k-th light fluxes, 
wavefront aberration of light in each of Kst> to k-th light fluxes passing through the prescribed 
numerical aperture on the image side of the objective lens needed for recording and/or 
reproducing of information of the first optical information recording medium is almost mi lambda 
1 (mi is an integer and i = 1,2, k). 

[0146] Further, two or more of above four examples may be combined. In all of the above 4 
examples, when the light flux of the first light source of the wavelength lambda 1 is converged 
onto the information recording plane of the first optical information recording medium, it is 
preferable that, within the predetermined numerical aperture for recording and/or reproducing 
information of the first optical information recording medium, the wave front aberration on the 
information recording plane is not larger than 0.07 lambda 1 rms, and more preferably, not larger 
than 0.05 lambda 1 rms. Further, when the light flux of the second light source of the wavelength 
lambda 2 is converged onto the information recording plane of the second optical information 
recording medium, it is preferable that, within the predetermined numerical aperture for recording 
and/or reproducing information of the second optical information recording medium, the wave 
front aberration on the information recording plane is not larger than 0.07 lambda 2 rms, and 
more preferably, not larger than 0.05 lambda 2 rms. 

[0147] When predetermined numerical aperture NA1 for recording and/or reproducing 
information of the first optical information recording medium is greater than predetermined 
numerical aperture NA2 for recording and/or reproducing information of the second optical 
information recording medium, and when a light flux of the second light source having 
wavelength of lambda 2 is converged on an image recording plane of the second optical 
information recording medium, it is preferable that light fluxes within NA2 are converged so that 
wavefront aberration on the information recording plane is 0.07 lambda 2 rms or less, and light 
fluxes within NA1 are converged so that wavefront aberration on the information recording plane 
may be greater than 0.07 lambda 2 rms. It is more preferable to be not more than 0.05 lambda 2 
rms within NA2 and to be not less than 0.2 lambda 2 rms within NA1 . 

[0148] Incidentally, when two kinds or more kinds of different optical information recording 
media are subjected to recording and/or reproducing by one optical pickup apparatus, and these 
optical information recording media include one whose necessary numerical aperture for 
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* recording and/or reproducing information is less than 0.65, and when an objective lens is 
"composed of one lens, it is preferable that the following conditional expression is satisfied; 

; 0.7</=dl/f</=2.4 

* wherein, dl represents an axial lens thickness of the objective lens, and f represents a focal length 
of the objective lens at lambda 1 . 

[0149] It is preferable that the objective lens satisfying the conditional expression stated above 
has at least one aspheric surface. 

[0150] Further, the optical information recording medium may have a plurality of information 
recording planes on tiae one side of optical information recording medium. For example, there 
may be listed the structure that a transparent substrate and a information recording layer are 
alternately piled in a plurality of stacked layers in the order from the same light flux incident side 
surface. In this case, the converging optical system can converge the light flux emitted from the 
light source onto respective information recording planes of the optical information recording 
medium so that the information of the optical information recording medium can be recorded 
and/or reproduced. 

[0151] For the structure to record and/or reproduce information of the optical information 
recording medium having a plurality of information recording planes, various modes can be 
applied. For example, a mode in which the spherical aberration deviation correcting element 
having the movable element is used, is listed. When the movable element of the spherical 
aberration deviation correcting element is moved in the optical axis direction, the slope angle of 
the marginal ray of the incident light flux into the objective lens is changed, and the deviation of 
the spherical aberration generated by the position of each information recording plane is 
corrected, and the light flux is converged onto respective information recording plane so that the 
information can be recorded and/or reproduced. 

[0152] Further, in the above description, when the light flux of the wavelength lambda is 
converged onto each information recording plane of the optical information recording medium, it 
is preferable that, within a predetermined numerical aperture for recording and/or reproducing 
information of the optical information recording medium, the wave front aberration on the 
information recording plane is not larger than 0.07 lambda rms, and more preferably, not larger 
than 0.05 lambda rms. 

* [01 53] Further, it is preferable that the optical pickup apparatus of the invention has a spherical 
aberration deviation detection means that detects deviation of spherical aberration caused in a 
converging optical system. Based on the results of the detection by this detection means, the 
deviation of spherical aberration can also be corrected by moving a movable element when the 
spherical aberration deviation detection means has the movable element, or by changing 
refractive index when the spherical aberration deviation correcting element has a means whose 
refractive index distribution in the direction perpendicular to an optical axis is variable. 

. [0154] Further, the optical information recording medium recording and/or reproducing apparatus 
of the present invention in order to record and/or reproduce the information of the optical 
information recording medium, has the optical pick-up apparatus, as described above, of the 
present invention. Preferably, it has a spindle motor or a power source. 

[0155] The aspherical surface used in the present embodiment, is expressed by the following 
[Equation 1]. Where, X is the axis in the optical axis direction, h is the axis in the perpendicular 
direction to the optical axis, and the advancing direction of the light is positive, r is the paraxial 
radius of curvature, kappa is a conical coefficient, and A21 is the aspherical surface coefficient. 
EMI177.1 

[0156] The spherical surface used in the present embodiment is expressed by [Equation 2] as the 

optical path difference function. 

EMI178.1 
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[0157] Referring to the drawings, the preferable embodiments of the present invention will be 
* described below. Fig. 1 is an outline structural view of the optical pick-up apparatus according to 
the present embodiment. In Fig. 1 , the first light source 1 1 to conduct the recording and/or 
reproducing for the first optical information recording medium 24, and the second light source 
whose wavelength is different from the first light source 1 1 to conduct the recording and/or 
reproducing for the second optical information recording medium 23 are provided, and coupling 
lenses 21 and 22 to convert the divergent angles of the divergent light fluxes emitted from 
respective light sources, a beam splitter 62 which is an optical path composition means for 
making the light fluxes emitted from respective light sources advance in almost the same 
direction, an objective lens 3 to light-converge the light flux from the beam splitter 62 onto the 
information recording plane 5 of the optical information recording medium, and light detectors 41 
and 42 to light-receive the reflected light from the optical information recording medium, are 
provided. In the drawing, numeral 8 is a diaphragm, numeral 9 is a cylindrical lens, numerals 71 
and 72 are 1/4 wavelength plates, numeral 15 is a coupling lens to reduce the divergent angle of 
the divergent light flux from the light source 11, numeral 16 is a concave lens, and numeral 17 is 
a hologram to separate the reflected light flux. 

[0158] Further, in the present embodiment, as a means for correcting the variation of the spherical 
aberration of the objective lens 3 and a divergent angle changing means, a negative lens 5 and a 
positive lens 4 which are arranged in order from the light source side and an actuator 7 are 
provided, (hereinafter, these are also called a spherical aberration correction means, and a 
divergent angle changing means). The actuator 7 functions as a transfer apparatus to change the 
slope angle of the marginal ray of the light flux by moving the negative lens 5 as an optical 
element in the optical axis direction. Further, relating to the present embodiment, in examples 1 
to 14 showing a specific portion of the optical system, an example of so-called beam expander 
structured by the transferable negative lens 5 and the positive lens 4, is sometimes expressed as 
the spherical aberration correction means. In this connection, numeral 6 is an actuator to dive the 
objective lens 3 in the optical axis direction for focusing. It is defined that the first light source 1 1 
can emit the laser light of wavelength lambda 1 = 405 nm, and the second light source 12 can 
emit the laser light of wavelength lambda 2 = 655 nm. 

[0159] In the examples being described below, in examples 1, 2, 1 1, 12, the diffractive surface is 
provided on the objective lens 3 and the axial chromatic aberration is corrected, and in examples 
3 to 5, a specific material is used for the negative lens 5 and the positive lens 4 and the axial 
chromatic aberration is corrected, and in examples 6 to 8, 13 and 14, the diffractive surface is 
provided on at least one of the negative lens 5 and the positive lens 4, and the axial chromatic 
aberration of the objective lens 3 is corrected, and in examples 9 and 10, the axial chromatic 
aberration of the objective lens 3 is corrected by the synergetic effect of the specific material of 
the negative lens 5 and the positive lens 4 and the diffractive surface provided on the positive lens 
4. Further, examples 4, 5 and 12 are examples to conduct the recording or reproducing of the 
information by using the same optical system for the different optical information recording 
media. In this connection, in the following examples of the objective lens 3, it is formed by using 
the plastic material whose saturated water absorption is not larger than 0.01 %, and whose 
internal transmitance by the light flux of the light source wavelength 400 nm is 90.5 %, and 
whose permeability by the light flux of the light source wavelength 700 nm is 92 %. Further, in 
the following example, in the example in which only the first light source 1 1 in the present 
embodiment shown in Fig. 1 is used, although a drawing of the specific embodiment is neglected, 
generally, in the pick-up apparatus of Fig. 1, for example, a mode in which the second light 
source 12, coupling lens 22, beam splitter 62, light detector 42, 1/4 wavelength plate 72 and 
hologram 17 are removed, can be applied. Each of examples will be described below. 



[Example 1] 

[0160] The data for the optical system composed of the negative lens 5, positive lens 4, and 
objective lens 3 in the example 1 is shown in Table 1 . In this connection, in the data shown 
hereinafter, the powers of 10 (for example, 2.5 x 10<-3>) is expressed by using E (for example, 
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Optical pick-up device 

Claims of corresponding document: EP1154417 

1 . An optical pickup apparatus for conducting recording and/or reproducing information of an 
optical information recording medium, comprising: 

a light source; 

a converging optical system to converge light flux emitted from the light source on an 
information recording plane of the optical information recording medium so as to conduct 
reproducing and/or recording information of the optical information recording medium, the 
converging optical system having an objective lens; and 

a photo-detector to receive reflected light flux from the information recording plane; 
wherein the converging optical system comprises at least a plastic lens and a spherical aberration 
deviation correcting element to correct deviation of a spherical aberration of the converging 
optical system and a numerical aperture of the objective lens at an image-side is 0.65 or more. 

2. The optical pickup apparatus of claim 1, wherein the spherical aberration deviation correcting 
element comprises a movable element movable in a direction of an optical axis. 

3. The optical pickup apparatus of claim 2, wherein the converging optical system comprises a 
coupling lens including at least a lens group working as the movable element of the spherical 
aberration deviation correcting element. 

4. The optical pickup apparatus of claim 3, wherein the light flux emitted from the light source 
has a wavelength of 500 nm or less, the coupling lens has at least a diffractive surface having a 
ring-shaped diffractive structure, the lens having the diffractive surface is a plastic lens, the 
movable lens is a plastic lens and the objective lens is a plastic lens. 

5. The optical pickup apparatus of claim 3, wherein the converging optical system comprises the 
coupling lens groups having at least two lens groups and at least one of the two lens groups works 
as the movable element of the spherical aberration deviation correcting element. 

6. The optical pickup apparatus of claim 3, wherein the converging optical system comprises the 
coupling lens consisting of one lens group and the lens group works as t he movab le element of 
the spherical aberration deviation correcting element. 

7. The optical pickup apparatus of claim 6, wherein the following formula is satisfied: 
. 0.05 ^|mj^ 0.5 (m<0) 

where m represents a magnification of a combined optical system of the objective lens and the 
coupling lens. 

8. The optical pickup apparatus of claim 2, wherein the converging optical system comprises a 
coupling lens and the converging optical system further comprises a positive lens group having at 
least a positive lens and a negative lens group having at least a negative lens between the 
coupling lens and the objective lens, and 

wherein at least one of the positive lens group and the negative lens group works as the movable 
element of the spherical aberration deviation correcting element. 

9. The optical pickup apparatus of claim 8, wherein the converging optical system comprises a 
beam expander having the positive lens group and the negative lens group and at least one of the 
positive lens group and the negative lens group is the movable element of the spherical aberration 
deviation correcting element. 

10. The optical pickup apparatus of claim 9, wherein the light flux emitted from the light source 
has a wavelength of 500 nm or less, at least one of the positive lens group and the negative lens 
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• jgroup comprises at least a diffractive surface having a ring-shaped diffractive structure, the lens 
having the diffractive surface is a plastic lens, the movable element is a plastic lens and the 

• objective lens is the plastic lens. 

1 1 . The optical pickup apparatus of claim 8, wherein the following formula is satisfied: 
jfP/fNj>/=l.l 

where fP is a focal length (mm) of the positive lens group (where, when the diffractive surface is 
provided to the positive lens group, fP is the total focal length in which the refractive power and 
diffractive power are combined) ; and fN is a focal length (mm) of the negative lens group 
(where, when the diffractive surface is provided to the negative lens group, fN is the total focal 
length in which the refractive power and diffractive power are combined). 

12. The optical pickup apparatus of claim 2, wherein the movable element is a plastic lens. 

13. The optical pickup apparatus of claim 2, wherein the movable element is an aspherical lens 
having at least an aspherical surface. 

14. The optical pickup apparatus of claim 1, wherein the spherical aberration deviation correcting 
element is a stationary element which does not move in a direction of an optical axis. 

15. The optical pickup apparatus of claim 14, wherein a refractive index distribution of the 
stationary element along the direction perpendicular to the optical axis is changeable. 

16. The optical pickup apparatus of claim 1, wherein the converging optical system comprises an 
axial chromatic aberration correcting element to correct an axial chromatic aberration of the 
converging optical system. 

17. The optical pickup apparatus of claim 16, wherein the axial chromatic aberration correcting 
element comprises a positive lens group having at least a positive lens and a negative lens group 
having at least a negative lens, and the following formula is satisfied: 

. nu dP > nu dN 

where nu dP is an average of Abbe's numbers of d-lines of all positive lenses in the converging 
optical system, and 

nu dN is an average of Abbe's numbers of d-lines of the all negative lenses in the converging 
optical system. 

18. The optical pickup apparatus of claim 17, wherein the following formula is satisfied: 
nu dP > 55 

35>nudN 

19. The optical pickup apparatus of claim 16, wherein the axial chromatic aberration correcting 
element comprises a diffractive surface having a ring-shaped diffractive structure. 

20. The optical pickup apparatus of claim 19, wherein the following formula is satisfied: 
|a|>!b! 

' where "a" is an axial chromatic aberration caused by refractive index dispersion of the 

converging optical system as the wavelength of the light source fluctuates, and "b" is the total of 
the axial chromatic aberration caused by the refractive index dispersion of the converging optical 
system and by the diffractive surface as the wavelength of the light source fluctuates. 

21. The optical pickup apparatus of claim 19, wherein the under-corrected spherical aberration 
caused by the diffractive surface as the wavelength of the light source increases corrects the over- 
corrected spherical aberration caused by the refractive index dispersion of the converging optical 

• system as the wavelength of the light source increase. 

22. The optical pickup apparatus of claim 19, wherein the diffractive surface makes a diffracted 
light amount of n-th ordered diffracted ray (n is an integer except 0, +/- 1) larger than a diffracted 
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* Hght amount of any other ordered diffracted ray. 

.^23. The optical pickup apparatus of claim 16, wherein the axial aberration correcting element 
* satisfies the following formula: 
P2<PKP3 

where PI is a paraxial power of the axial chromatic aberration correcting element at the 
wavelength of the light source, P2 is a paraxial power of the axial chromatic aberration correcting 
element at the wavelength shorter by 10 nm than the wavelength of the light source, and P3 is a 
paraxial power of the axial chromatic aberration correcting element at the wavelength longer by 
10 nm than the wavelength of the light source, 

(Where, when the axial chromatic aberration correcting element comprises a diffractive surface, 
each of the paraxial powers PI, P2 and P3 is a total paraxial power in which a paraxial refractive 
power and a paraxial diffractive power are combined). 

24. The optical pickup apparatus of claim 1, wherein the objective lens comprises a single lens 
having an aspherical surface on at least one surface thereof. 

25. The optical pickup apparatus of claim 24, wherein the objective lens satisfies the following 
conditional formula: 

l.l</=dl/f</=3.0 

where dl is axial lens thickness, and 

f is a focal length of the objective lens (where, when the objective lens comprises a diffractive 
surface having a ring-shaped diffractive structure, f is the total focal length in which a paraxial 
refractive power and a paraxial diffractive power are combined). 

26. The optical pickup apparatus of claim 24, wherein the objective lens is a plastic lens. 

27. The optical pickup apparatus of claim 1, wherein the optical pickup apparatus conducts 
reproducing and/or recording information of at least two kinds of optical information recording 
media, the light source is a first light source to emit a first light flux having a wavelength lambda 
1 in order to conduct reproducing and/or recording information of a first information recording 
medium having a first transparent substrate, the optical pickup apparatus further comprises a 
second light source to emit a second light flux having a wavelength lambda 2 different from the 
wavelength lambda 1 in order to conduct reproducing and/or recording information of a second 
information recording medium having a second transparent substrate having a thickness different 
from that of the first transparent substrate; and the converging optical system converges at least a 
part of the first light flux on an information recording plane of the first optical information 
recording medium so as to conduct recording and/or reproducing information of the first optical 
information recording medium and converges at least a part of the second light flux onto an 
information recording plane of the second optical information recording medium so as to conduct 
recording and/or reproducing information of the second optical information recording medium. 

28. The optical pickup apparatus of claim 27, wherein the spherical aberration deviation 
correcting element corrects deviation of the spherical aberration due to a thickness difference 
between the first transparent substrate and the second transparent substrate. 

29. The optical pickup apparatus of claim 27, wherein the objective consists of a single lens 
having at least one aspherical surface and satisfies the following formula: 
0.7</=dl/f</=2.4 

where dl is an axial lens thickness of the objective lens and f is a focal length of the objective 
lens at a wavelength lambda 1 (where, when the objective lens comprises a diffractive surface 
having a ring-shaped diffractive structure, f is the total focal length in which a paraxial refractive 
power and a paraxial diffractive power are combined). 

30. The optical pickup apparatus of claim 27, wherein the objective lens has at least a diffractive 
surface having a ring-shaped diffractive structure and the objective lens converges at least a part 
of the first light flux on an information recording plane of the first optical information recording 
medium within a predetermined numerical aperture of the objective lens at an image side 
necessary for conducting recording and/or reproducing information of the first optical 
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* information recording medium on a condition that a wavefront aberration is 0.07 lambda 1 rms or 
less and converges at least a part of the second light flux on an information recording plane of the 
second optical information recording medium within a predetermined numerical aperture of the 

<> objective lens at an image side necessary for conducting recording and/or reproducing 
information of the second optical information recording medium on a condition that a wavefront 
aberration is 0.07 lambda 2 rms or less. 



31. The optical pickup apparatus of claim 27, wherein the objective lens comprises a ring-shaped 
stepped section to divide an incident light flux into k pieces of ring-shaped light flux by a 
refracting action where k > 3 and the light flux is named the first, the second, - - the k-th light 
flux from the optical axis to the outside, a spherical aberration component of the wavefront 
aberration of the first and the k-th light flux at a best image plane position formed by the first and 
the k-th light flux is 0.07 lambda 1 rms or less, at least two pieces of light flux among the second 
to (k-l)th light flux form an apparent best image plane position at a different position from the 
best image plane position formed by the first and k-th light flux, and the wavefront aberration of 
rays of each of in the first to k-th light flux passing within a predetermined numerical aperture of 
the objective lens at an image side necessary for conducting recording and/or reproducing 
information of the first optical information recording medium at the best image plane position 
formed by the first and k-th light flux is almost mi lambda 1, where mi is an integer, and i =1, 2, - 
-k. 

32. The optical pickup apparatus of claim 29, wherein the objective lens is a plastic lens. 

33. The optical pickup apparatus of claim 1, wherein the optical information recording medium 
comprises a plurality of information recording planes on one side of the optical information 
recording medium and converging optical system converges the light flux emitted from the light 
source onto each of the plurality of information recording planes of the optical information 
recording medium so as to conduct reproducing and/or recording information of the optical 
information recording medium. 

34. The optical pickup apparatus of claim 33, wherein the spherical aberration deviation 
correcting element corrects deviation of the spherical aberration due to a difference in the 
thickness between a light flux incident surface of the optical information recording medium and 
each of the plurality of information recording planes of the optical information recording 
medium. 

35. The optical pickup apparatus of claim 1, wherein the deviation of the spherical aberration of 
the converging optical system is deviation of the spherical aberration due to change in 
temperature and/or humidity. 

36. The optical pickup apparatus of claim 1 , wherein the deviation of the spherical aberration of 
the converging optical system is deviation of the spherical aberration due to deviation in the 

* wavelength of the light source and/or the manufacturing errors in the wavelength of the light 
source. 

37. The optical pickup apparatus of claim 1, wherein the deviation of the spherical aberration of 
the converging optical system is deviation of the spherical aberration due to deviation in 
thickness of a transparent substrate of the optical information recording medium. 

38. The optical pickup apparatus of claim 1, wherein the wavelength of the light source is 500 nm 

* or less. 

39. The optical pickup apparatus of claim 1, wherein the spherical aberration deviation correcting 
element is capable of correcting the spherical aberration of A lambda rms to 0.07 lambda rms or 
less, where A satisfies the following formula: 0.07 < A ^ 0.5 . 

40. An optical information recording medium recording and/or reproducing apparatus for 
conducting recording and/or reproducing information of an optical information recording 
medium, comprising: 
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" an optical pickup apparatus comprising: 
* a light source; 

c an converging optical system to converge light flux emitted from the light source on an 
information recording plane of the optical information recording medium so as to conduct 
reproducing and/or recording information of the optical information recording medium, the 
converging optical system having an objective lens; and 

a photo-detector to receive reflected light flux from the information recording plane; 
wherein the converging optical system comprises at least a plastic lens and a spherical aberration 
deviation correcting element to correct deviation of a spherical aberration of the converging 
optical system and a numerical aperture of the objective lens at an image-side is 0.65 or more. 



41 . A spherical aberration deviation correcting element for use in an optical pickup apparatus for 
recording and/or reproducing information of the optical information recording medium, 
comprising: 

a positive lens group having at least a positive lens; and 

a negative lens group having at least a negative lens, wherein at least one of the positive lens 
group and the negative lens group is a movable element movable in a direction of an optical axis 
and the movable element can change the slope angle of the marginal ray of an exit light flux by 
moving in a direction of the optical axis, and 

wherein each positive lens of the spherical aberration deviation correcting element has Abbe's 
numbers of 70 or less or each negative lens of the spherical aberration deviation correcting 
element has Abbe's numbers of 40 or more and the spherical aberration deviation correcting 
element comprise at least a diffractive surface having a ring-shaped diffractive structure. 

42. The spherical aberration deviation correcting element of claim 41, wherein the following 
formula is satisfied: 

P2 < Pl< P3 

where PI is a paraxial power of the spherical aberration deviation correcting element at the 

* wavelength of the light source of the optical pickup apparatus, 

P2 is a paraxial power of the spherical aberration deviation correcting element at the wavelength 
shorter by 10 nm than the wavelength of the light source of the optical pickup apparatus, and 
P3 is a paraxial power of the spherical aberration deviation correcting element at the wavelength 
longer by 10 nm than the wavelength of the light source of the optical pickup apparatus, 
wherein each of the paraxial powers PI, P2 and P3 is a total paraxial power in which a paraxial 
refractive power and a paraxial diffractive power are combined. 

• 43. The spherical aberration deviation correcting element of claim 41, wherein the spherical 
aberration deviation correcting element is a beam expander. 

44. The spherical aberration deviation correcting element of claim 41, wherein the spherical 
aberration deviation correcting element comprises at least an optical element made of plastic. 

45. A spherical aberration deviation correcting unit for use in an optical pickup apparatus for 
recording and/or reproducing information of an optical information recording medium, 
comprising: 

a spherical aberration deviation correcting element recited in claim 41, and 

a moving device to move at least one of the positive lens group and the negative lens group in a 

direction of an optical axis. 

46. The spherical aberration deviation correcting element unit of claim 45, wherein the following 
% formula is satisfied: 

P2<P1 <P3 

where PI is a paraxial power of the spherical aberration deviation correcting element at the 
wavelength of the light source of the optical pickup apparatus, 
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• 2*2 is a paraxial power of the spherical aberration deviation correcting element at the wavelength 
Shorter by 10 nm than the wavelength of the light source of the optical pickup apparatus, and 

. -*P3 is a paraxial power of the spherical aberration deviation correcting element at the wavelength 
Jonger by 10 nm than the wavelength of the light source of the optical pickup apparatus, 
where each of the paraxial powers PI , P2 and P3 is a total paraxial power in which a paraxial 
refractive power and a paraxial diffractive power are combined. 

47. The spherical aberration deviation correcting element unit of claim 45, wherein the spherical 
aberration deviation correcting element is a beam expander. 

48. The spherical aberration deviation correcting element unit of claim 45, wherein the spherical 
aberration deviation correcting element comprises at least an optical element made of a plastic. 
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